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Synopsis

• General challenges in rare, chronic diseases

Heterogeneous phenotypes

Variable natural history

Single centers have only few patients

Variable monitoring

Incomplete capturing of outcomes data

• Gaucher disease in particular

Pivotal clinical trials capture outcomes in narrowly defined 

disease spectrum

Variable disease spectrum and natural history in individual 

geographies

Disease Registries

Assessing therapeutic options

Need for national collaborative groups



Efficacy Data for Macrophage-Targeted ERT 

• First-generation ERT since 1991

– Alglucerase and imiglucerase

• Made ERT the standard of care for GD

• More than 5,000 patients treated globally, and data 

captured in ICGG registry

• 10-year data showed reversal of hepatosplenomegaly, 

cytopenia, bone crises, and osteopenia and reduction in 

bone pain and improvement of QOL 

• Cumulative 54,000 patient years of experience

• New ERT agents since 2011 

– Velaglucerase (human fibrosarcoma cell-derived)

– Taliglucerase (plant cell-derived)

• Reversal of organomegaly and cytopenia

• Limited bone data

Rosenbloom BE, et al. Crit Rev Oncog. 2013;18:163-75; Bennett LL, et al. Ann Pharmacother. 2013;47:1182-93; Ortolando S, et al. 

Recent Pat Endocr Metab Immune Drug Discov. 2014;8:9-25; Weinreb NJ, et al. J Inherit Metab Dis. 2013;36:543-53; 

Morris JL. Clin Ther. 2012;34:259-71; Hollak CE. Core Evid. 2012;7:15-20; Damiano AM, et al. Qual Life Res. 1998:7:373-86.
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Major Sources of Clinical Data on ERT  in GD1: >54,000 patient-years of 

imiglucerase experience

• 4 major clinical trials of imiglucerase involving nearly 200 patients

▪ 31 publications addressing treatment effectiveness from the ICGG 
Gaucher Registry (currently > 6000 patients enrolled)



The GD Registry: A Foundation for Patient-Centered 

Outcomes and Comparative-Effectiveness Research

National Gaucher Foundation, Inc. www.gaucherdisease.org/ngf-position-statement.php.

• Diagnosis, evaluation: Charrow, 1998

• Pediatric guidelines: Charrow, 2004

• Baseline characteristics in 1,698 patients: Charrow, 2000

• Cancers: Rosenbloom, 2005

• Type 3: Tylki-Szymanska, 2010

• Parkinson’s disease: Rosenbloom, 2011

• N370S/N370S spectrum: Fairley C, 2008

• Risk factors for fractures and AVN: Khan, 2012

• Brazil vs. rest of the world: Sobreira, 2007

Value-Based Data
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TREATMENT OUTCOMES

• Propensity score matching: 

Grabowski, 2009

• Validated disease severity scoring 

system: Weinreb, 2010

• Reducing selection bias in 

case-control studies: Cole, 2011

RESEARCH METHODS
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The Changing Paradigm in Healthcare: From 

Evidence-Based Medicine to Value-Based Medicine

• Effect of healthcare reform

– Therapeutic interventions will be judged by payers and 

society by metrics of Value-Based Medicine 

• The effect of therapy on patient-centered outcomes, 

like the incidence of disease complications, QOL, 

and survival vs. adverse events

– In the past, therapeutic interventions were judged on the 

basis of evidence-based medicine

• The effect on surrogate markers, like serum 

cholesterol in coronary artery disease or  

Hb/platelets and liver/spleen volumes in GD

• Patient-centered outcomes data in GD are only available for 

alglucerase and imiglucerase

Mushlin AI, et al. N Engl J Med. 2010;362:e6;

www.gaucherdisease.org/ngf-position-statement.php.



EVIDENCE-BASED MEDICINE VALUE-BASED MEDICINE

ENDPOINT Lab or imaging outcomes Clinical event or patient-reported outcomes

QUESTIONS ❑ ERT reverses organomegaly ❑ Does ERT decrease the incidence of 

splenectomy?

❑ ERT reverses cytopenia ❑ Does ERT prevent the need for blood 

transfusions?

❑ Does ERT reduce the incidence of bleeding

complications?

❑ Does ERT reduce the risk of infections?

❑ ERT reverses marrow infiltration ❑ Does ERT prevent bone crises

❑ ERT increases bone density ❑ Does ERT decrease the risk of fractures?

❑ ERT reverses cytopenia and  

organomegaly in children

❑ Does ERT reverse growth failure?

❑ ERT reverses immune dysregulation ❑ Does ERT reduce the risk of cancer?

From Evidence-Based to 

Value-Based Medicine

Courtesy of Dr. Mistry.

Mushlin AI, et al. N Engl J Med. 2010;362:e6;



Macrophage-Targeted ERTs: Therapeutic Goals

• Aid in the evaluation of individual patient assessment and response to 

therapy. There are six published therapeutic goals for patients with GD 

type 1:

– Anemia: increase hemoglobin levels to ≥ 11 g/dL for women and 

children and > 12 g/dL for men

– Thrombocytopenia: increase platelets to prevent spontaneous 

bleeding, to achieve normalization of platelet counts for 

splenectomized patients; and to achieve normalization of platelet 

counts for patients with an intact spleen by 1 year of treatment

– Hepatomegaly: achieve a liver volume of 1 to 1.5 times normal; for 

those on imiglucerase, reduce liver volume by 20% to 30% by 

years 1 to 2 and by 30% to 40% by years 3 to 5 of treatment 

– Splenomegaly: achieve a spleen volume of 2 to 8 times normal for 

those on imiglucerase, reduce spleen volume by 30% to 50% 

within 1 year of treatment and by 50% to 60% by years 2 to 5 of 

treatment

– Aspirational goals are to lessen or eliminate bone pain within 1 to 

2 years (no evidence in 2004) and prevent bone crises

Pastores GM, et al. Semin Hematol. 2004;41:4-14.

Surrogate markers of disease—

not patient-centered clinical outcomes. 

Do these correlate with bone crises, need for 

splenectomy, or bleeding complications?
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Health-related Quality of Life in GD1 

patients with bone disease

Clinically meaningful improvements in SF-36 scores were experienced by 

Gaucher patients with bone complications who were treated with Cerezyme.

Weinreb N, et al. Clin Genet 2007; 71: 576–588.



Incidence of AVN Is Reduced by 

Imiglucerase ERT

Charrow J, et al. Clin Genet. 2007;71:205-11.
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DXA Z-Scores of GD Type 1 Patients 

With 2 or More Measurements 

During Imiglucerase Treatment

A. Children (ages ≥ 5 years to < 12 years); B. Adolescents (ages ≥ 12 years to < 20 years); 

C. Young adults (ages ≥ 20 years to < 30 years); D. Adults (ages ≥ 30 years to ≤ 50 years)

Mistry PK, et al. Blood Cells Mol Dis. 2011;46:66-72. 
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Abcertin: phase 2 of only 5 patients

Phase 3 of only 6 patients

Korean Med Sci. 2015 Sep;30(9):1373





Results after 24 weeks – no long term data

Korean Med Sci. 2015 Sep;30(9):1373



• Does not meet regulatory definition of biosimilar

• Was not approved as biosimilar in Korea

• No significant data on purity, safety, efficacy

• No comparative data  with imiglucerase

• In Mexico, abcertin give in same bag mixed

with imiglucerase – this is dangerous to patients



Efficacy Data for Macrophage-Targeted ERT 

• First-generation ERT since 1991

– Alglucerase and imiglucerase

• Made ERT the standard of care for GD

• More than 5,000 patients treated globally, and data 

captured in ICGG registry

• 10-year data showed reversal of hepatosplenomegaly, 

cytopenia, bone crises, and osteopenia and reduction in 

bone pain and improvement of QOL 

• Cumulative 54,000 patient years of experience

• New ERT agents since 2011 

– Velaglucerase (human fibrosarcoma cell-derived)

– Taliglucerase (plant cell-derived)

• Reversal of organomegaly and cytopenia

• Limited bone data

Rosenbloom BE, et al. Crit Rev Oncog. 2013;18:163-75; Bennett LL, et al. Ann Pharmacother. 2013;47:1182-93; Ortolando S, et al. 

Recent Pat Endocr Metab Immune Drug Discov. 2014;8:9-25; Weinreb NJ, et al. J Inherit Metab Dis. 2013;36:543-53; 

Morris JL. Clin Ther. 2012;34:259-71; Hollak CE. Core Evid. 2012;7:15-20; Damiano AM, et al. Qual Life Res. 1998:7:373-86.



Comparison of the glycosylation profile of IMIGLUCERASE (B), TALIGLUCERASE (A)and 
VEALGLUCERASE (C) taliglucerase alfa. Representative NP-HPLC separation of glycans

released by endoglycosidase digestion followed by fluorescent labelling

Yoram Tekoah et al. Biosci. Rep. 2013;33:e00071
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FDA guidance on ADA for biologics

• Patient immune responses to therapeutic protein products have the 

potential to affect product safety and efficacy.

• The clinical effects of patient immune responses are highly variable, 

ranging from no effect to harmful effects to patient health. 

• Detection and analysis of ADA formation is a helpful tool in 

understanding potential patient immune responses 

• FDA recommends adoption of a risk-based approach to evaluating 

and mitigating immune responses to or immunologically related 

adverse clinical events associated with therapeutic protein products 

that affect their safety and efficacy

• Immune responses may  have multiple effects, including 

neutralizing activity and the ability to induce hypersensitivity 61 

responses. 

• Immunogenicity tests should be designed to detect ADA that could 

mediate unwanted biological or physiological consequences. 

https://www.fda.gov/downloads/Drugs/Guidances/UCM192750.pdf

Accessed Sept 25, 2017

https://www.fda.gov/downloads/Drugs/Guidances/UCM192750.pdf


FDA guidance on ADA to biologics

• FDA cautions that comparison of ADA incidence among products, 

even for products that share sequence or structural homology, can 

be misleading. This is because detection of ADA formation is highly 

dependent on the sensitivity and specificity of the assay. 

• Additionally, the observed incidence of ADA (including NAb) 

positivity in an assay may be influenced by factors such as method, 

sample handling, timing of sample collection, concomitant 

medications, and disease condition. 

https://www.fda.gov/downloads/Drugs/Guidances/UCM192750.pdf

Accessed Sept 25, 2017

https://www.fda.gov/downloads/Drugs/Guidances/UCM192750.pdf


Case presentation

• Female. DOB 09/2008

• Epistaxis since age 2

• Age 5: splenomegaly by PCP on routine exam. Hb 10.7, platelets 

94

• Liver biopsy: Gaucher cells

• Genotype N370S/217delC. LV 1.69 x N, SV 10.7 x N, osteopenia

• Started vpriv March 2014 until Sept 2015

• Falling blood counts and AVN in L femur in Nov 2015

• Changed to taliglcuerase – severe IAR

• Seen at Yale Dec 2015: IgG anti-vela antibody titer 163,840, 

neutralizing antibody titer 160

• January 2016 AVN in R femur

• Affected brother also developed high titre of Neutralizing ADA

P.K.Mistry, et al manuscript in preparation
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Comparison of antigenicity of three ERT proteins

P.K.Mistry, et al manuscript in preparation



Antigenic Hotspots in ERT induced IgG

Epitope Mapping of VPRIV using Patient Sera 
Containing Neutralizing and Non-neutralizing AB

15 amino acid peptide arrays were probed with patient sera



IgG binding to 15mers (14 patient sera) of GBA1
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P.K.Mistry, et al manuscript in preparation



N terminus

*

*= E340 active site

#

#= E235 active site
linker/hinge?GBA1

N terminus

C terminus

*

L444N370

Two views of GBA1



Binding Sites of Neutralizing Sera

Fig?  Regions of binding as determined by peptide microarray mapped onto the 3D structure of GBA1 for 
two siblings with neutralizing AB.  

Note: Left is grace right is grant.



EQKFQKVK
aa72-79

Only the two patients with
neutralizing AB have epitope
shown in red

GBA1

Active site



Mutations found near/in putative epitope for neutralizing AB binding (aa72-79)

HGMD codon
Legacy 

change
HGVS HGVS

change  ATG=-39 (nucleotide) (protein)
Beutler (2005) Blood Cells Mol Dis 35, 355
Xiong 

(2015) Science 347: 1254806 [Additional 

report]

Grace (1997) J Clin Invest 99, 2530

Xiong 

(2015) Science 347: 1254806 [Additional 

report]

GTG-GCG Val78Ala c.350T>C p.V117A Gaucher disease Hruska (2008) Hum Mutat 29, 567

Beutler (1996) Proc Assoc Am 

Physicians 108, 179

Liou (2006) J Biol 

Chem 281: 4242 [Functional 

characterisation]

GGA-AGA Gly80Arg c.355G>A p.G119R Parkinson disease Lesage (2011) Hum Mol Genet 20, 202

GGG-GAG Gly83Glu c.365G>A p.G122E Gaucher disease 2 Jeong (2011) Blood Cells Mol Dis 46, 11

Hruska (2008) Hum Mutat 29, 567

Yoshida (2016) Pediatr 

Int 58: 946 [Additional report]

Gaucher disease

ATG-ACG Met85Thr c.371T>C p.M124T Gaucher disease

AAG-AAC Lys79Asn c.354G>C p.K118N

Gaucher disease

AAG-TAG Lys74Term c.337A>T p.K113* Gaucher disease

Reference
Reported 

phenotype

CAG-TAG Gln73Term c.334C>T p.Q112*

Mutations 
From
HGMD
May2017
Total 346
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Baseline Characteristics

Baseline 

Characteristics

Factors Imiglucerase

Therapy

Velaglucerase

Therapy

P - Value

Total Number of Patients 48 65

Age in years
mean (SD)

48.7 (17.9) 53 (17.4) 0.20

Gender
(%)

Male
Female

19 (40%) 
29 (60%)

31 (48%) 
34 (52%) 

0.45

Hemoglobin in g/dl
Mean (SD)

14 (1.3) 13.7 (1.6) 0.25

Spleen Volume x Normal
Median (IQR)

2.3 (1.9, 4.7) 3.8 (1.7, 5.3) 0.33

Splenectomy (%) Yes 8 (17%) 18 (28%) 0.18

Chitotriosidase in nm/ml/hour
Median (IQR)

742.4 (185.6, 1202.7) 516.9 (117.3, 1041.8) 0.13

Genotype N37S/N370S
Other

27 (63%)
16 (37%)

23 (41%)
33 (59%)

0.04



Avascular Necrosis Incidence in Therapy

Imiglucerase Therapy Velaglucerase Therapy Total

Incidence of Avascular 

Necrosis

Absent 48 59 107

Present 0 6* 6

TOTAL 48 65 113

Fisher’s Exact Test: p = 0.038

Chi Squared Test: p = 0.031

*Percentage of patients with incidence 

of AVN in population studied = 9.2 % 



Odds Ratio of Risk Factors for AVN

Velaglucerase
Female 
Gender

Genotype
AVN before Tx
Splenectomy

Constant





AVN Incidence in Patient-Years

• Velaglucerase   3.54 per 100 patient-years on treatment

• Imiglucerase:      0.09 per 100 patient-years on treatment



Conclusions

• Equivalency of ERTs cannot be extrapolated from 

visceral/hematolgic response data

• Need for transparent and standardized ADA monitoring

• Interchangeability of ERTs is not recommended

• Long-term data on bone outcomes of newer ERTs is lacking

• Careful evaluation of pan-reactive antibodies is necessary in 

patients with AE related to ADA before considering switch to 

another ERT
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